Effusion is the abnormal accumulation of fluid within a body cavity that can result from a variety of disease processes. This article reviews the normal production and resorption of body cavity fluid and the pathophysiology of abnormal fluid accumulation. In addition, classification schemes, differential diagnoses, and currently available diagnostic tests for evaluation of effusions are reviewed.
Introduction
Effusion is the abnormal accumulation of fluid within a body cavity. 1 Patients can either present to veterinarians for clinical signs secondary to fluid accumulation or simply due to a change in appearance because of fluid build-up. 2 The presence of effusion is a nonspecific finding that can result from a variety of disease processes. 1, 2 This article reviews the normal and abnormal physiology of cavitary fluid formation and resorption, the classifications of effusions, and current diagnostic tools available in evaluating these fluids.
Normal Body Cavity Fluid Formation
A small amount of fluid is normally present within body cavities to provide lubrication between organ surfaces during movement. [1] [2] [3] [4] In the thorax, this (normal) fluid also provides mechanical coupling between the chest wall and the lungs allowing for a direct transmission of forces for normal respiration. 4 Normal body cavity fluid is a low protein, serous ultrafiltrate of blood that flows out of arteriolar capillaries through the body cavity and is largely resorbed into the venous capillaries. A smaller portion, approximately 10%, of this fluid is resorbed by the lymphatics. 1 The rate of fluid formation is dependent on Starling's forces (i.e., gradients of hydrostatic and oncotic pressures between the vessels and the body cavities), the degree of mesothelial and endothelial permeability, and the integrity of lymphatic drainage. 1, 3, 5 The serosa is composed of two major elements: mesothelial cells and connective tissue. The mesothelial cell layer is only approximately 2 mm thick and provides most of the diffusion barrier of the serosa. 4 The mesothelium is composed of a thin monolayer of simple, flattened epithelial cells that express both epithelial and mesenchymal markers. These cells line the body wall and organs of the thorax, pericardium, and abdomen. 6 Mesothelial cells also synthesize connective tissue macromolecules and enzymes, participate in transcellular transport, and respond to cytokine and hormonal stimulation. 4 Mesothelial cells have apical microvilli to increase their surface area and produce glycoproteins rich in hyaluronic acid and phospholipids to reduce friction between organ surfaces. 4 There are tight junctions between adjacent mesothelial cells and thus the permeability of the mesothelium is similar to that of the vascular endothelium. 4 The lymphatics communicate directly with body cavities through openings between mesothelial cells called stomas. These stomas are the only way for cells and larger particles to exit cavitary spaces whereas proteins may also exit by solvent drag and transcytosis.
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Pathophysiology of Effusions
Accumulation of fluid within a body cavity results when the rate of filtration of fluid into a space is greater than the rate of fluid resorption from that space. 4 Effusion accumulation is correlated to increased capillary hydrostatic pressure, widening of the oncotic pressure gradient, increased endothelial permeability, increased interstitial hydrostatic pressure, and loss of effective lymphatic drainage. 1, 5 An increase in interstitial hydrostatic pressure narrows the hydrostatic gradient between the cavity and the interstitium resulting in decreased fluid resorption. At times, fluid accumulation can be so severe as to cause tamponade and compromise visceral function. 1 To eliminate effusion accumulation, normal pressure balance, lymphatic drainage, and permeability characteristics must be restored. 4 
Initial Evaluation of Cavitary Effusions

Samples to Obtain
Evaluation of effusions is recommended to assist in determining the etiology. A complete description of the methods used to obtain diagnostic samples is beyond the scope of this review, but the techniques for paracentesis can be found in many texts and other academic sources. As described in Fluid collected into serum (red top) tubes can be used for analysis of albumin, bilirubin, creatinine, potassium, triglyceride, glucose, lactate, and lipase levels. Evaluation of these parameters may be useful in confirming a diagnosis of or in raising the index of suspicion for specific disease entities ( Table 2) . It is important to note that a delay in sample processing can impact the test results (i.e., effusion glucose levels can fall and effusion lactate levels can increase as a sample sits in a red top tube). 5, 6, [8] [9] [10] [11] [12] If a delay in processing is anticipated, samples may be collected into gray top tubes to limit in vitro alterations of effusion glucose results; however, gray top tubes are not recommended and may even be contraindicated for most of the other assays. Clot formation in the serum tube indicates an elevated fibrinogen concentration and/or suggests inadvertent organ or vessel puncture. 1, 3 Fluid samples collected in sterile tubes can be stored for aerobic and anaerobic bacterial, mycoplasma, and fungal cultures.
Since EDTA is bacteriostatic, lavender top tubes should not be used for samples intended for culture. Anaerobic cultures are not refrigerated and should be processed within 24 hr of collection.
Obligate anaerobes often require 48-72 hr for final culture results and it is difficult to determine their susceptibility patterns.
Fluid Analysis and Classification
Classification by Total Protein and Total Nucleated Cell Count
The traditional method of classification categorizes effusions by protein concentration and cellularity. While this classification scheme utilizes three categories, there is overlap between these categories resulting in more of a spectrum of descriptions rather In cases where portal hypertension is suspected, the serumeffusion albumin ratio has been shown to reflect the balance between hydrostatic and oncotic forces in humans. Specifically, higher serum-effusion albumin ratios are associated with portal hypertension and lower ratios are more typically associated with disorders of vascular leakage and inflammation. 5 Unfortunately, the results of veterinary studies have not been so clear. 5 Proteinrich transudates result from increased hydrostatic pressure within the postsinusoidal vessels of the liver secondary to congestive heart failure or potentially from mass lesions obstructing blood flow from the hepatic vein or caudal vena cava into the right side of the heart (i.e., a Budd-Chiari-like syndrome). 7, 13 The increase in hydrostatic pressure within the vessels of the liver causes a protein-rich fluid to leach out of the liver into the abdominal cavity. Because cell membrane permeability does not change, cells do not accumulate in the effusion. Thus, a protein-rich transudate is formed. Exudates: a Consequence of Altered Mesothelial and/or Endothelial Permeability
Exudates result from a local inflammatory response to foreign material within a body cavity. This foreign material can be exogenous (e.g., viral, bacterial, fungal, protozoal, parasitic, or inert), 
Septic Exudates
Exudates caused by septic inflammation usually result from bacterial contamination of a body cavity secondary to gastrointestinal tract leakage or penetrating wounds. They can also result in neonates from transplacental infections secondary to maternal bacteremia or from migrating foreign bodies, disruption or infection of the urogenital tract, bacterial translocation through diseased pulmonary tissue or hypoperfused gastrointestinal tissue, and hematogenous spread secondary to distant infections. 11, 12, [14] [15] [16] Patients with septic exudates require immediate therapy; therefore, if sepsis is suspected, cytologic evaluation of the effusion should be a priority and submitting a sample of the exudate for anaerobic and aerobic cultures is indicated. Cytology is often diagnostic (i.e., identification of intracellular bacteria), but if the patient has been previously treated with antibiotics, intracellular bacteria (but not extracellular as extracellular bacteria could be present in a sample as a result of accidental gastrointestinal aspiration during sample acquisition) may be difficult to find via cytologic evaluation.
11 Figure 1 provides an example of a septic effusion.
In the past decade, multiple studies have evaluated various biochemical parameters as indicators of sepsis. The pH of septic peritoneal effusions in cats was significantly lower than nonseptic effusions in one study, but there was significant overlap in pH measurements between the two groups. 11 In another study, an effusion glucose concentration ,50 mg/dL was specific for septic effusions in dogs not previously supplemented with IV dextrose, but this was not found to be a sensitive test. 11 All patients with an effusion TNCC .13,000 cells/mL had septic peritoneal effusions,
but not all dogs with septic effusions met this criteria. (Table 2) . 11, 17 These studies were limited by small sample sizes and lack of comparison between samples with septic inflammation and samples with sterile inflammation of 
Effusions Caused by a Ruptured Vessel or Viscus
Another category of effusions presented by O'Brien is effusions that result from disruption of a vessel or viscus (Table 4) . 1 The most common effusion in this category is hemorrhagic effusions, but chylous effusions, effusions secondary to Bartonella spp.
infections, and effusions that result from disruption of the urogenital, hepatobiliary, or gastrointestinal tract can also fall into this category. Patients with a history of trauma are predisposed to development of these types of effusions, but other causes should also be considered.
Hemorrhagic Effusions
Hemorrhagic effusions typically have a PCV .10%; however, blood contamination of the effusion should be suspected if the sample is not consistently red-tinged during sample collection. In studies of noncoagulopathic spontaneous hemothorax and hemoabdomen in dogs, the most common etiology is neoplasia (i.e., hemangiosarcoma, malignant mesothelioma, metastatic carcinoma, rib osteosarcoma, pulmonary carcinoma, and lymphoma). 20, 21 In one study of cats with nontraumatic hemoabdomens, 7 of 16 had neoplasia as the underlying cause (31% hepatic neoplasia 
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Other studies have evaluated biochemical and cytometric values in canine pericardial effusions with inconclusive and variable results. 23, [28] [29] [30] [31] Serum cardiac troponin I concentration appears to be higher in dogs with pericardial effusion secondary to hemangiosarcoma compared with cardiac troponin I concentrations in dogs with idiopathic pericardial effusion. 32 Troponin I levels have not been compared among patients with other causes of pericardial effusion, but this will likely be investigated in the future. 32 The most common causes of pericardial effusion in cats include FIP, heart disease, and lymphosarcoma.
33,34
Chylous Effusions
Chylous effusions result from a loss of integrity of lymphatic drainage from the gastrointestinal tract into the cranial vena cava. 35 Historically, chylous effusions were identified based on the milky and opaque appearance of effusions; however, it has been shown that not all chylous effusions are opaque and not all effusions that are white are chylous. 10, 35 Lecithin globulin complexes and cholesterol can also make effusions appear white. 35 Chylous effusions have an effusion triglyceride concentration greater than concurrent serum triglyceride concentration and an effusion cholesterol less than the effusion triglyceride level. 10, 36 An effusion triglyceride concentration .100 mg/dL is also consistent with chylous effusion. an abdominal fluid creatinine-peripheral blood creatinine ratio .2.0. 9 These guidelines were 100% specific and 100% sensitive for uroperitoneum. 9 A retrospective study by Aumann et al. (1998) found that cats with uroabdomen had a mean abdominal fluid creatinine-peripheral blood creatinine ratio of 2:1 with a range that was actually between 1.1:1 and 4.1:1. Mean abdominal fluid potassium-peripheral blood potassium was 1.9:1 with a range of 1.2:1-2.4:1. 39 To date, specific guidelines have not been developed for the diagnosis of feline uroabdomen based on these ratios (because a control group was lacking in this study), but these values can be used to increase the degree of clinical suspicion or eliminate uroperitoneum as a potential cause for an effusion in some cases. 39 
Bile Peritonitis
Bile peritonitis is defined as an inflammatory response to free bile in the peritoneal cavity. 6 Bile leakage into the abdominal cavity can occur secondary to trauma, cholangitis (inflammatory or infectious), obstruction of a bile duct, or surgery (i.e., iatrogenic).
Bile peritonitis can also occur spontaneously in rare instances and lead to bicavitary effusion of the abdomen and thorax. 8 or hematoidin (rhomboid gold crystals); therefore, evaluation of bilirubin concentrations in the effusion is useful. An abdominal fluid bilirubin concentration that is more than two times concurrent serum bilirubin concentration confirms a diagnosis of bile peritonitis. 8, 39 Cytologic evaluation for sepsis should also be performed since concurrent infection greatly affects prognosis. 8 Some cases of bile peritonitis have basophilic mucinous material in clumps and lakes (white bile) on cytology rather than bilirubin crystals. 39 If abdominocentesis does not yield a sample of effusion but bile peritonitis is high on the differential list, then diagnostic peritoneal lavage is recommended. If the bilirubin concentration of the lavage is greater than that of blood, then bile peritonitis should be strongly suspected. 8 
Effusions that Result from Exfoliation of Cells into a Body Cavity
Exfoliation of neoplastic and/or reactive mesothelial cells into a body cavity can lead to the accumulation of highly cellular effusions. Carcinomas, mesotheliomas, and discrete (round) cell neoplasms (e.g., lymphoma, mast cell tumors, malignant histiocytosis) exfoliate cells into effusions more readily than sarcomas. 
Other Approaches for Evaluating Neoplastic Effusions
During the past decade, additional diagnostic tests have evaluated the use of growth factors and enzymes as indicators of neoplastic disease. So far these tests have failed to yield any clinically useful assays.
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Conclusion
The traditional morphologic evaluation of effusions according to their TNCC and total protein can be useful and practical, but 
